lary nephrons, depending on the salt balance. In a study of hypertensive patients with normal kidney function on a low and then a high salt intake, differences in the shapes of the spectra were obtained. One may speculate that characteristic spectra might be identifiable to aid a functional classification of the syndrome of chronic pyelonephritis and lead to a prospective study serving to predict different prognoses in the different groups of patients obtained by such a classification.
In conclusion, Claude Bernard stated that an understanding of physiology was basic to an understanding of pathology and therapy. Background subtraction renography provides functional information about each kidney in health and disease. Investigation of the spectrum of transit times of tracer through the kidney in conscious, comfortable, uncatheterized man may give information about renal physiology that can be related to that obtained by rodent micropuncturists and canine nephrologists.
The results of renography are complementary to the demonstration of renal pathology by radiological techniques. Both together are more helpful to the clinician than either alone. We would like therefore to plead for closer cooperation between all users of electromagnetic radiation so that an integrated approach to the solution of problems presented by patients will become a reality. ( 1969) (Taplin et al. 1964 ) and since then has become a routine diagnostic procedure in many centres. The distribution of pulmonary arterial blood flow, or perfusion, can be shown by scanning the lungs after the intravenous injection of radioactive particles. When the scans are made by a rectilinear scanner, each viewanterior, posterior and right and left lateralstakes 15-20 minutes to complete, while a gamma camera can take all four views in 6-8 minutes.
The distribution of ventilation can be adequately shown by scanning the lungs after the inhalation of a radioactive aerosol (Quinn & Head 1966) , providing the particle size is strictly controlled. The gamma camera has the advantage of such rapid imaging that the distribution of radioactive xenon can be seen after a single breath; in addition washin and washout curves can be obtained and the distribution of perfusion shown after an intravenous injection of the same inert gas.
The method of preparation of particles of human serum albumin labelled with technetium-99m and the scanning procedure using a rectilinear scanner have been described previously (Secker Walker 1968).
Practical Applications
Pulmonary embolism: Lung scanning is most widely used in the diagnosis of pulmonary embolism. However, the scans show only the defects in the distribution of pulmonary arterial perfusion caused by the emboli. Such defects are present immediately after an embolus and are usually multiple and frequently segmental in distribution (Poulose et al. 1970 ) though they can be much larger. A pulmonary angiogram will show the size and position of an embolus and, although it is rightly regarded as the definitive diagnostic procedure, there is experimental evidence in dogs (Moser et al. 1969 ) that rather more false positive diagnoses are madewith angiography than with lung scanning, while both techniques have a similar false negative rate.
The presence of other cardiorespiratory conditions, particularly chronic obstructive lung disease, in a patient suspected of having pulmonary embolism makes interpretation of a lung scan unreliable. Serial scans may help, as 'Present address: The Edward Mallinckrodt Institute of Radiology, 510 South Kingshighway, St-Louis, Missouri 631 10, USA perfusion usually improves in pulmonary embolism but not in chronic obstructive lung disease, but this is of little use at a time when there is diagnostic doubt and therapeutic indecision. An inhalation scan may resolve the problem by showing good ventilation of the poorly perfused area (Tow & Wagner 1968 ) and so may a pulmonary angiogram, but neither investigation may help in these circumstances (Poulose et al. 1970) .
Lung scans are admirably suited to follow the restoration of perfusion after pulmonary embolism, for not only are they readily and safely repeated, but they also offer a means of comparing different therapeutic regimes. Strictly quantitative methods of assessing the size of defects are not possible, for a subjective comparison with the normal pattern of perfusion must be made before the size of the defect can be measured. Several authors have made use of semiquantitative methods ranging from visual estimation (Murphy & Bulloch 1968 ) through scoring methods (Secker Walker et al. 1970) to measurement of the area of the defects and their density on the photoscans (Tow & Wagner 1967 , Winebright et al. 1970 .
A simple scoring method, based on colour dot scans, has been used in a study of the resolution of pulmonary embolism in 74 patients who had repeated lung scans. Details of the scoring method and findings have been published elsewhere (Secker Walker et al. 1970) but the use of a semiquantitative method made it possible to compare the amount of improvement in blood flow in emboli of different sizes, in patients of different ages, at different times after the embolus, in medical patients as opposed to surgical patients and in one sex compared to the other. It was also possible to compare 3 anticoagulation regimes, heparin alone for 10-21 days, heparin for 2-4 days followed by oral anticoagulation with phenindione or warfarin, and oral anticoagulation alone, with each other and with a small group of patients who received no treatment.
One-third of the patients' scans reached a normal score, one third reduced the size of their defect by more than 25%, while the remainder either showed no change or became worse. Blood flow was most rapidly restored in the first three days after the embolus, so that on average 40% of the defect had cleared by then: over the next 2-3 weeks progress was less rapid and even slower during the second and third months, the average recovery being 60% of the initial defect. New defects in perfusion, due to recurrent emboli, were seen in 35 % of the patients on treatment and in 70 % of the untreated patients in whom they were also larger.
The ultimate restoration of perfusion was significantly worse when the initial defect was greater than 30 % compared to smaller defects, but was still impressive, the average final score in this group of patients being only 10% less than the normal range (Fig 1) . Patients over the age of 60 did a little less well than younger patients, and medical patients a little less well than surgical ones, but not significantly so. There was no difference in either the amount or rate of improvement between the patients on the three treatment regimes, although those on heparin alone had rather more new, but small, defects in their first follow-up scans. The occurrence of new defects in perfusion should suggest more thorough investigation of the leg and pelvic veins with a view to surgical intervention (Browse et al. 1969 ). Carcinoma of the bronchus: Quantitative methods have also been used to assess relative pulmonary blood flow in patients with carcinoma of the bronchus. The total counts of radioactivity in each lung expressed as a percentage of the total counts in the scan give a measure of relative pulmonary arterial blood flow. This method correlates well with figures derived from differential bronchospirometry (Garnett et al. 1969) .
The findings in a group of patients, with clinically and bronchoscopically operable tumours who underwent thoracotomy, have been published elsewhere (Secker Walker & Provan 1969 ). This study suggested that a preoperative lung scan should improve the selection of patients for thoracotomy, for none of the patients with a relative perfusion of the affected lung of less than one-third of the total were found to be resectable. Large defects in perfusion in the opposite lung, besides giving misleading figures for the relative perfusion, would limit the extent of surgery to the affected lung.
This study has been extended to include patients who either refused surgery or who were inoperable on bronchoscopic or other grounds, making a total of 101 patients, and was briefly reported at the X International Cancer Congress in Houston in 1970. Patients with normal bronchoscopies were compared with those in whom the tumour involved a lobar bronchus and also with those in whom the tumour involved a main bronchus (Fig 2) . Likewise the patients with a localized mass on the chest radiograph were compared with those in whom there was hilar involvement either on the plain chest radiograph or on tomography (Fig 3) . As the tumour approached the main bronchus, as judged by bronchoscopy, or the hilum, as judged by radiography, so the relative perfusion of the affected lung diminished. It was of particular interest that all the patients with involvement of the main bronchus had a relative perfusion of their affected lung of less than one-third of the total. Only one patient has had a successful pneumonectomy with a relative perfusion of less than 33-3 %; his pulmonary artery was completely surrounded and compressed by tumour but the tumour was still resectable. By combining the patients with bronchoscopically inoperable tumours with those who were found to be unresectable, it can be estimated that the chances of removing a carcinoma of the bronchus are less than 5 % when the relative perfusion of the affected lung is less than one-third of the total.
Abnormalities in the pattern of perfusion of the unaffected lung were seen in 52 % of the patients and were of considerable size in one-third of these. The presence of such large defects was of considerable importance in swaying the therapeutic balance towards radiotherapy in several patients initially considered operable. In five patients with malignant cells in their sputum and normal chest radiographs and bronchoscopic findings the lung scan was abnormal, and in one of these the tumour has appeared at the site of the abnormality two-and-a-half years later and has been successfully resected.
In a small group of patients with carcinoma of the bronchus treated by radiotherapy very little change in perfusion of the affected lung was seen after a month of deep X-ray therapy but considerable improvement had occurred in 40% of them within three to four months. The remaining patients either showed little or no change or a slowly progressive diminution in perfusion (Secker Walker, unpublished observations). Ventilation has been shown to return more quickly than this (Dr F Pircher, personal communication) .
Lung scans have been carried out in a large number of cardiorespiratory conditions and are of some practical use in assessing pulmonary vasculature in those few patients with emphysema whom surgery can benefit (Beerel et al. 1969) .
Comment
Symptoms and signs are of little value in distinguishing the majority of pulmonary emboli from other chest conditions (Ormond et al. 1967 , Poulose et al. 1970 , while a lung scan and a chest radiograph if available at short notice can be most useful in this situation. The restoration of perfusion, which is readily followed by serial lung scans, is often interrupted by the arrival of new emboli, reflecting the inadequacy of traditional anticoagulant therapy (although this is better than no therapy at all) and indicating the need for more effective agents such as streptokinase (Kakkar et al. 1969 ).
In patients with carcinoma of the bronchus, lung scans provide a useful indication of the relative function of each lung and an indirect assessment of the extent of the involvement of the pulmonary vessels at the hilum by tumour tissue, so improving the selection of patients for surgical intervention.
In addition they can be used to show the return of perfusion after treatment with radiotherapy, and will occasionally indicate the site of an otherwise occult carcinoma of the bronchus.
Pancreas Scanning Using a Double Isotope Technique
Pancreas scanning has never achieved the popularity of other scanning techniques. This is probably due to the poor quality of the scans, since in 15-30 % of normals the pancreas is overlaid by the liver which also concentrates the 7rSeselenomethionine used for pancreas scanning. A dual isotope method was introduced into clinical use by Kaplan et al. (1966) . Since 1967 we have been using a dual isotope technique employing 99mTc sulphur colloid (3 mCi) as the liverspecific agent and 75Se-selenomethionine (250 ,uCi) as the pancreatic label. The scans in this series were carried out on a 3 in x 2 in (7 5 cm x 5 cm) detector Picker Magna scanner connected to a dual channel spectrometer and the ratio subtract device described by Burn et al. (1967) . The principle and theoretical background of the technique has been discussed in detail elsewhere (Cottrall et al. 1968 ). Optimum settings were used on the spectrometers to extract the maximum information from the low activity of 75Seselenomethionine used (Cottrall et al. 1969 ).
Technique
The present technique does not employ any particular regime other than a drink of Complan following the injection of selenomethionine. First a gamma camera examination of the liver is done following the 99mTc sulphur colloid injection. Next the patient is placed under the detector of the rectilinear scanner and the point of peak activity detected and marked on the abdomen. The injection of 75Se-selenomethionine is then given. Fifteen minutes later the ratio subtract device is adjusted over the mark on the abdomen so that a fraction of the counts in the s9mTc channel is taken from the 75Se-selenomethionine channel, making the output of the ratio subtract device zero. The photoscan is set so that the zero output gives a white picture while a change of 4 S.D. in co,int rate in the excess 75Se-sclenomethionine counts produces maximum density. The colour scan is set so that zero output gives blue dots while an increase of 4 S.D. changes the colour to red. Using this technique the pancreas is shown clearly without interference by the liver uptake of selenomethionine. Fig 1 shows a typical scan. Areas of increased ssmTc concentration such as the spleen or bone marrow show as 'white' areas on the photoscan or colour scan.
Results
Pancreas: Nearly all the patients in this series had a suspected neoplasm of the pancreas. Table 1 shows the findings in 84 patients where 
